Abstract-The organic sulfur transformation was studied during coke oven gas to produce syngas via noncatalytic partial oxidation. The concentration of CS 2 and thiophene was examined in syngas by sulfide detector. For comparison, the sulfur transfer was also studied in coke oven gas under dry and hydrous conditions. When the ratio of O 2 / Gas was 0.32, complete thiophene and about 83% of CS 2 in feed gas could be transformed via noncatalytic partial oxidation in the dry condition. It was mainly because of burner nozzle unique structure forming local hyperthemia, which benefited OH, O free radical and active atoms. During steam transforming to produce syngas, the ratio of water to carbon was less than 3, a higher ratio of O 2 /Gas favored sulfur transformation. However, compared to dry feed, transforming rate of CS 2 and thiophene was decreased. This indicates that the steam added was disadvantageous to the transformation of organic sulphur during the production of syngas by noncatalytic partial oxidation, steam and mass H 2 S in feed gas, resulting in the decrease of local hyperthermia temperature and the formation of organic sulfur. (Abstract) 
INTRODUCTION
Sulphur is known to be a strong position for catalytically active transition metals such as iron, nickel or copper [1, 2] . In the development of producing syngas process from coal or natural gas, etc., sulfur content is a very important index. Sulfur compound forms in coke oven gas can be divided into two kinds: the inorganic sulfur (H 2 S) and organic sulfur, containing 2g/m 3~5 g/m 3 . The organic sulfur mainly contain, CS 2 , COS and thiophene (C 4 H 4 S), containing 0.5g/m 3~0 .8g/m 3 [3, 4] . Desulfurization has the mature technology with respect to H 2 S and COS. The CS 2 and thiophene are difficult to remove at present. However, these sulfurs have great effect to CH 4 transformation in the coke oven gas. Gas cleaning has been researched in the literature by using various material to remove both inorganic and organic sulfur-containing compounds [1] [2] [3] [4] [5] [6] [7] [8] [9] . A better understanding of sulfur transformation in heat treatment is essential for effective and economic sulfur removal, and for fine desulfurization. The previous works on sulfur paid much attention desulfurization rate or desulfurization effect, few studies was carried out on the transformation of sulfur forms, especially the detailed report of the organic sulphur in coke oven gas studied was not available in the literature. The aim of this work is to study the organic sulphur transfers in coke oven gas via noncatalytic partial oxidation, provide the theory basis for the deep desulfurization processes and CO 2 reforming of methane (nature gas or coke oven gas) via coal char catalyst.
EXPERIMENTAL

samples and conditions
The coke oven gas used in this experiment was Shenlong coke oven gas which was obtained from a 1000 t/d coking plant. The components of coke oven gas and organic sulfur were detected with gas chromatograph (Shanghai Haixin GC and Sichuan Haoyu GC). The detecting conditions were given in TableⅠ.The Component of feed gas was shown in TableⅡ and Table Ⅲ . 
Noncatalytic partial oxidation experiment and methods
The coke oven gas noncatalytic partial oxidation was performed in an autothermal reactor, which had a unique structure burner nozzle, at normal temperature and pressure. The flow of oxygen used was 9.0 m 3 / h. The ratio of O 2 / Gas ( coke oven gas) was form 0.16 to 0.32. The ratio of water to carbon was increased from 0.1 to 3. The produced gas (syngas) was collected at every 5 min and analyzed using gas chromatography with flame photometric detection (PFD). The percentage of CS 2 and thiophene was detected by using special gas chromatography. The feed was a mixture of pure O 2 (>99.99%). The quantity of CS 2 and thiophene was calculated from the percentage and the flux of gas. Due to the difficulties to use just the same coal coking in different times, the sulfur content in feed gas was obtained by difference in transforming process. The gas (coke oven gas and oxygen) intake can be measured by mass flow meter. And the output of product gas flow can be measured by soap liquid meter. The S balance across the reactor was more than 97%. All experiments with larger errors in the material balances were rejected.
RESULTS AND DISCUSSION
Partial oxidation temperature characteristics
The temperature curves of noncatalytic partial oxidation coke oven gas to produce syngas which were presented in Figure 1 . With the increase of O 2 / Gas ratio, the top and middle temperature increased, the bottom temperature gradually decreased. At the beginning of reaction, the ratio of O 2 / Gas was 0.16, the temperature of top, middle and bottom was 1090 ℃, 1060 ℃ and 1031 ℃, respectively. Adding the ratio of O 2 / Gas reached 0.16, the temperature of top, middle and bottom was 1309 ℃, 1138 ℃ and 965 ℃, respectively. Based on the data of experiment as Fig. 1 , the characteristic parameters (Temperature and the rate of O 2 /Gas) could be obtained, as shown in Table Ⅳ . The average temperature of the furnace is about 1050 ℃ to 1150 ℃. The two parameters depended on the sample quantity and revealed their thermal reaction. The evolution curve of CS 2 was shown in Fig.2 . With increase of the ratio of O 2 /Gas, the concentration of CS 2 gradually increased. The ratio of O 2 /Gas was 0.16, CS 2 concentration was about 62.05ppm. When the O 2 /Gas reached 0.20, the content of CS 2 in syngas reached maximum, about 128.27ppm, which was mainly because of mass H 2 S in feed gas and syngas. Thereaction (1)-(4) could take place, and then CS 2 was formed [10] C O 2 + 2 H 2 S → C S 2 + 2 H 2 O
( 1 )
2COS→CO 2 +CS 2 (4) Figure 2 . CS2 concentration in syngas vs O2 / Gas
With increase of the ratio of O 2 / Gas, the concentration of CS 2 gradually decreased. When the ratio of O 2 / Gas arrived at 0.3 and 0.32, concentration of CS 2 was about 21.36ppm and 6.22ppm, which had lower concentration than feed gas(38.5ppm). Compared with the feed, more CS 2 transformed during partial oxidation, because formation local hyperthemal of burner nozzle unique structure which benefited OH, O free radical and active atoms. They could react with CS 2 more easily, the reaction as followed [8] [9] [10] [11] [12] [13] :
CS 2 +O→CS+SO (6) CS+O→CO+S
Transformation of thiophene
The evolution curves of C 4 H 4 S in syngas was shown in Fig.3 . With increase of the ratio of O 2 / Gas, the concentration of C 4 H 4 S gradually decreased. However, when the ratio of O 2 /Gas was less than 0.22, the concentration of C 4 H 4 S had high concentration than feed gas. It was mainly because of mass H 2 S reacting with compounds of diene conjugated structure in feed gas and syngas, resulting in the formation of C 4 H 4 S. When the ratio of O 2 /Gas arrived at 0.3, C 4 H 4 S was not detected form syngas. During noncatalytic partial oxidation of coke oven gas, following reaction may be taken place [13] : Fig.4 shows the evolution curves of CS 2 in syngas during nonCatalytic partial oxidation process, in which steam is added. The range of the ratio of water-carbon was from 0.1 to 0.3. With increase of O 2 / Gas, the concentration of CS 2 gradually increased. When the O 2 / Gas ratio reached about 0.22, the CS 2 content in syngas got maximum (the ratio of water-carbon: 0.3). When the ratio of water-carbon arrived at 0.6 -1.0, increasing of O 2 / Gas ratio, the concentration of CS 2 gradually increased. Compared with dry feed gas, the concentration of CS 2 was higher. There were three chief reasons for this phenomenon [8] [9] [10] [11] [12] [13] . Firstly, because of mass H 2 S in feed gas and syngas, CS 2 was formed. Secondly, due to steam added, the temperature of local hyperthermia was decreased, which was disadvantageous to the dissociation of CS 2 . Thirdly, with increase of the ratio of O 2 /Gas, the flux is reduction, the residence time prolonged which increased the reaction probabilities. When the ratio of water-carbon arrived at 3.0, the evolution curves of CS 2 had a small peak. It could be explained by excess steam preventing formation of CS 2 or being not favorable to the formation of CS 2 and dissociation. Fig.5 shows the evolution curves of C 4 H 4 S in the syngas during noncatalytic partial oxidation process in which steam is added. At the ratio of water-carbon was 0.1, concentration of thiophene decreased to 1.1ppm, transformation rate was 83.8%, until the ratio of O 2 / Gas was increased to 0.3. Compared with dry feed gas, the concentration of C 4 H 4 S was high. The ratio of water-carbon was less than 0.3, with increase of ratio of O 2 / Gas, the concentration of C 4 H 4 S gradually decreased. When the ratio of water-carbon arrived at 0.6 to 1.0, increasing ratio of O 2 /Gas, the concentration of C 4 H 4 S gradually increased. The concentration thiophene reached the maximum at O 2 / Gas reaching 0.2, and then with a shoulder peak. However, the ratio of water-carbon arrived at 3.0, the second peak is obviously higher than first peak. It could be explained by excess steam consuming lots of heat, resulting in the decrease of local hyperthermia temperature [14, 15] . This indicates that an excess steam added was disadvantageous to the transformation of C 4 H 4 S during the partial oxidation process. 
Transformation of CS 2 during steam added
Transformation of thiophene during steam added
CONCLUSIONS
When the ratio of O 2 / Gas was 0.32, complete thiophene and about 83% of CS 2 in feed gas could be transformed via noncatalytic partial oxidation in the dry condition. It was mainly because of burner nozzle unique structure forming local hyperthemia, which benefited OH, O free radical and active atoms. Adding steam transforming to produce syngas, the ratio of water to carbon was less than 3, a higher ratio of O 2 / gas favored sulfur transformation. However, compared without steam, transforming rate of CS 2 and thiophene were decreased. This indicates that the steam added was disadvantageous to the transformation of organic sulphur during the production of syngas via noncatalytic partial oxidation. It was mainly because of steam and a great deal of H 2 S in feed gas and syngas, resulting in the decrease of local hyperthermia temperature and the formation of organic sulfur.
